Objective: Few studies have determined the effects of long-term growth hormone (GH) replacement on quality of life (QoL). This study investigated the effects of 7 years of GH replacement on QoL. Design: A prospective, single-center, open-label study of 95 adults (mean age 52.8 years; 46 men) with adult-onset GH deficiency (GHD). Methods: QoL was measured using Quality of Life-Assessment for Growth Hormone Deficiency in Adults (QoL-AGHDA) and Psychological General Well-Being (PGWB) scores. Results: The GH dose was gradually increased from 0.13 mg/day to 0.42 mg/day. IGF-I SD score increased from −1.49 at baseline to 0.35 at study end. The GH replacement induced sustained improvements in total QoL-AGHDA and PGWB scores. GHD women had a more marked improvement in total QoL-AGHDA score than GHD men after 5 and 7 years. Most of the improvement in QoL was seen during the first year, but there was a small further improvement also after one year as measured using QoL-AGHDA. All QoL-AGHDA dimensions improved, but the improvement in memory and concentration as well as tenseness occurred later than that of other dimensions. Correlation analysis demonstrated that the patients with the lowest baseline QoL had the greatest improvement in QoL. Conclusions: Seven years of GH replacement improved QoL with the most marked improvements in GHD women and in patients with low baseline QoL. Most, but not all, of the improvement in QoL was seen during the first year. Some QoL-AGHDA dimensions (memory and concentration, tenseness) responded at a slower rate than other dimensions.
Introduction
Adult hypopituitarism with untreated growth hormone (GH) deficiency (GHD) is associated with altered body composition, low bone mass, decreased exercise capacity, impaired cardiovascular risk factors and increased cardiovascular mortality (1, 2) . Furthermore, although there is heterogeneity in the degree of impairment (3, 4) , most adult hypopituitary patients with GHD not receiving GH replacement have compromised quality of life (QoL) (4) . The patients are more socially isolated than healthy controls (5) , and suffer from tiredness, lack of initiative and concentration, irritability, reduced physical and mental drive, decreased vitality and difficulties in coping with stressful situations compared to healthy controls (4, 6, 7) .
Several placebo-controlled studies have demonstrated improved QoL in GHD adults in response to GH replacement (8, 9, 10, 11) . In a placebo-controlled study not using any disease-specific QoL questionnaire, QoL was normal at baseline and GH replacement did not improve QoL (12) . In a meta-analysis of open GH treatment trials in adults, QoL improved with a small effect size and wellbeing with a medium effect size (13) . In a systematic review, 11 of the 16 reviewed studies showed an improvement in at least one subsection of the used QoL assessment tool (14) . The increase in QoL has most often been inversely related to the baseline reduction in QoL, suggesting that patients with more severely impaired QoL at baseline have a greater response to GH replacement (4, 15) . Furthermore, most of the improvement in QoL is seen during the first year of GH replacement (16) , although the results of some studies suggest that an additional increase in QoL can occur also after one year of therapy (17) .
Long-term studies demonstrate that GH replacement improves most of the features of adult GHD (1, 2) . However, in terms of QoL, few long-term studies have been performed. In a 10-year study, 10 GHD adults who had continued GH replacement had higher QoL compared to GHD adults who had discontinued the therapy as determined using the Nottingham Health Profile (NHP) (18) . In 17 GHD patients who received continuous GH replacement for 9 years, QoL improved as determined using NHP and Psychological General Well-Being (PGWB) questionnaires (19) . Four studies based on postmarketing surveillance programs, the Pfizer International Metabolic Database (KIMS, n = 2) (20, 21) , and the Hypopituitary Control and Complications Study (HypoCCS, n = 2) (16, 22) , showed sustained improvements in QoL for 4-10 years using the Quality of Life-Assessment for Growth Hormone Deficiency in Adults (QoL-AGHDA) questionnaire or the Questions on Life Satisfaction-Hypopituitarism (QLS-H) questionnaire although dropout rates were relatively high. Therefore, in a systematic review of longterm studies, further studies were recommended in terms of the long-term effect of GH replacement on QoL (23) .
In this single-center prospective study, we aimed to determine the effect of 7 years of GH replacement on QoL in 95 well-characterized hypopituitary patients. All patients had adult-onset hypopituitary disease and verified GHD. QoL was assessed using the QoL-AGHDA and PGWB questionnaires.
Subjects and methods

Patients
In this open prospective study of the effect of adult GH replacement on QoL, 95 GHD adults (46 men) with a mean age 52. 8 (Table 1) , and the majority of the patients had multiple anterior pituitary hormonal deficiencies (Table 1) . Seventy of the GHD adults had received therapy directed to the pituitary (pituitary surgery (n = 51), both surgery and irradiation (n = 12) and irradiation alone (n = 7)). In 94 of the patients, the diagnosis of GHD was based on a peak GH <3 µg/L during a stimulation test (insulin (n = 84) or GHRH (n = 10)). In one patient, previously treated with pituitary surgery and irradiation and with one additional anterior pituitary deficiency, the diagnosis was based on a 24-h GH profile (sampling every 30 min).
Four patients died during the study period due to pulmonary cancer, chronic obstructive lung disease, peritonitis and warfarin-related hemorrhagic stroke. Fifteen patients discontinued GH replacement (patient's wish/lack of compliance (n = 9), brain metastases (n = 1), colon cancer (n = 1), lung cancer (n = 1), prostate cancer (n = 1), progress of pituitary tumor (n = 1) and cognitive impairment (n = 1)). Four patients were lost to follow-up because they moved to other cities or abroad. The number of patients remaining in the study was 92 at 1 year (97%), 81 at 3 years (85%), 76 at 5 years (80%) and 72 at 7 years # Contains prolactinoma (n = 6), previous Cushing's disease (n = 6) and previous acromegaly (n = 5). § Contains previous cranial irradiation therapy (n = 3), meningioma (n = 2), septo-optic dysplasia (n = 1), hypophysitis (n = 1), hamartoma (n = 1), Sheehan's syndrome (n = 1), pituitary apoplexy (n = 1), sarcoidosis (n = 1) and traumatic brain injury (n = 1).
(76%). However, according to the intention-to-treat strategy used, all patients were retained in the statistical analyses as the last values obtained before the patients were discontinued were carried forward in the analyses.
Ten patients were treated with antidepressants during the study period (first year (n = 2), years 1-3 (n = 4), and remaining part of the study (n = 4)). For these ten patients, according to the intention-to-treat strategy used, the last QoL values obtained before they received antidepressant therapy were carried forward in the statistical analyses.
Substitution of additional anterior pituitary hormone deficiencies
When required, patients received replacement therapy with glucocorticoids, thyroid hormone, gonadal steroids and desmopressin. Doses of glucocorticoids (cortisone acetate or hydrocortisone) were calculated as hydrocortisone equivalent doses (20 mg hydrocortisone equals 25 mg cortisone acetate) based on the antiinflammatory effects (24) . In patients with glucocorticoid substitution, the baseline dose of 20.0 mg (s.e.m. 1.3 mg; hydrocortisone equivalents) was reduced after 1 year to 19.2 (1.2) mg (P < 0.05), whereas the dose after 7 years was statistically similar as that at baseline (19.0 (1.0) mg, P = 0.08). The dose of thyroxine replacement in TSH deficient patients was increased from 79 (5) µg at baseline to 89 (5) µg after 1 year (P < 0.001) and 113 (4) µg after 7 years (P < 0.001). In men as well as in women, the number of patients that received treatment with gonadal hormones was similar at all the time points of the study. In men, 33 patients received testosterone treatment at baseline as well as after 1 year and 7 years. In women, 21 patients received estrogen treatment at baseline as well as after 1 year, whereas 19 patients received estrogen treatment after 7 years.
Ethical considerations
Informed consent was obtained from all patients. The study was approved by the Regional Ethical Review Board at the University of Gothenburg. The study was conducted according to the Declaration of Helsinki.
Study protocol
This was a prospective, open-label study. All patients started with a low individualized GH dose, which was gradually increased with the aim of normalizing serum IGF-I concentration and body composition in each patient. Dose titration and safety monitoring including laboratory examinations were performed every third month during the first year, every sixth month during the second year, and then yearly. No effort was made to influence the patients' physical activity level during the study period.
Quality of life
Quality of life (QoL) was assessed at baseline and after 1 year (mean 1 (25)). QoL-AGHDA is a disease-based instrument that has specifically been developed for adults with GHD, detecting deficits in needs achievement in affected areas (26, 27, 28) . It consists of 25 items, and each item evokes a 'yes' or a 'no' answer. Each 'yes' answer is assigned a score of 1, and the sum of the number of 'yes' answers (range 0-25) is used as a measure of QoL with a high QoL-AGHDA score indicating a poor QoL (20, 29, 30) . Furthermore, we divided QoL-AGHDA into five states (dimensions): memory and concentration (6 items; score range: 0-6), tiredness (7 items; 0-7), tenseness (3 items; 0-3), social isolation (5 items; 0-5), and self-confidence (4 items; 0-4) (20) .
The PGWB index was developed as a subjective measurement of the patient's well-being or distress (25) . The questionnaire consists of 22 items. The scoring for each item is 0-5, with 0 being the most negative option and 5 the most positive. This gives a total score range of 0-110, with a low PGWB score denoting a poor QoL. The PGWB index is divided into six dimensions: anxiety (5 items; score range 0-25), depressed mood (3 items; 0-15), positive well-being (4 items: 0-20), self-control (3 items; 0-15), general health (3 items; 0-15), and vitality (4 items; 0-20), thus reflecting the patient's experienced QoL.
In terms of total QoL-AGHDA score, we compared our values with those in a Swedish reference population described previously (20) . QoL-AGHDA questionnaires were sent out in 2004 to a random sample (n = 3005) drawn from the population permanently registered in Sweden, aged 18-85 years (20) . Responses were received from 1945 subjects (response rate, 65%), and QoL-AGHDA score was available for 1682 individuals (56%) (20) . The mean age of the total reference population was 48.3 (s.e.m. 0.4) years (men: 48.9 (0.5) years and women 47.7 (0.5) years) (20) .
Biochemical analysis
Serum IGF-I concentration, until June 2004, was determined by a hydrochloric acid-ethanol extraction radioimmunoassay (RIA) (Nichols Institute Diagnostics, San Juan Capistrano, CA, USA). Inter-assay and intraassay CVs were 5.4% and 6.9%, respectively, at a mean serum IGF-I level of 126 µg/L, and 4.6% and 4.7%, respectively, at mean serum IGF-I level of 327 µg/L. From June 2004 to August 2006, serum IGF-I concentration was determined using a chemiluminescence immunoassay (Nichols Advantage; Nichols Institute Diagnostics) (31) . From September 2006, serum IGF-I level was determined using an automated chemiluminescent assay system (IMMULITE 2500, Diagnostic Products Corp., Los Angeles, CA, USA). The WHO NIBSC 1st IRR 87/518 standard was used for calibration throughout the study period. The individual serum IGF-I values were compared with age-and sex-adjusted values obtained from a reference population (32) , and the individual IGF-I SD scores were then calculated (33) .
Statistical methods
The descriptive statistical results are presented as the mean and s.e.m. For all variables, within-group differences were calculated using the Friedman test, with all data obtained from all time points. Post hoc analysis was performed using the Wilcoxon test. Gender differences were calculated by comparing the changes from baseline at the given time point using the Mann-Whitney U-test. Correlations were sought using the Spearman rank order correlation test. Effect sizes (Cohen's d) were calculated as the difference between scores divided by the pooled standard deviation of the two evaluations (baseline and study end) (34) . An effect size of d = 0.2-0.5 was considered as a small effect, d = 0.5-0.8 as a medium effect and d > 0.8 as a large effect. All analyses were performed according to the intentionto-treat principle (using the carry forward principle). A two-tailed P-value <0.05 was considered significant.
Results
Dose of GH and IGF-1 SD score
The dose of GH increased from 0.13 mg/day (the dose prescribed at the baseline visit) to 0.42 mg/day at study end. IGF-I SD score increased but was within the normal physiological range (± 2 SD) throughout the study period (Table 2) .
QoL-AGHDA
Seven years of GH replacement improved QoL as measured using total QoL-AGHDA score with a small effect size on the margin to a moderate effect size (Fig. 1A and Table 3 ). Furthermore, all the five QoL-AGHDA dimensions (memory and concentration, tiredness, tenseness, social isolation and self-confidence) decreased, suggesting improved QoL (Table 3 ). The main improvement was seen during the first year, but a small further improvement after 1 year was observed for total QoL-AGHDA score and the QoL-AGHDA dimension social isolation (Table 3) . Memory and concentration as well as tenseness responded slower than other QoL-AGHDA dimensions with a significant increase first after 3 years but with a gradual improvement between years 1 and 7 (Table 3) . Table 2 Dose of GH, serum IGF-I concentration, and IGF-I SD score during 7 years of GH replacement therapy in hypopituitary patients with adult-onset GHD (baseline, n = 95; 1 year, n = 92; 3 years, n = 81; 5 years, n = 76; and 7 years, n = 72). All results are shown as mean (s.e.m.). The statistical analyses are based on the Friedman test followed by post hoc analysis using the Wilcoxon test. According to the intention-to-treat strategy used, all patients were retained in the statistical analyses as the last value obtained before the patients were discontinued was carried forward in the analyses. 
PGWB index
Total PGWB score was increased after 7 years with a small effect size (Fig. 1B and Table 4 ). The six PGWB dimensions (anxiety, depressed mood, positive well-being, self-control, general health and vitality) improved to a less marked extent than QoL-AGHDA dimensions (Table 4) . Only selfcontrol was significantly increased after 7 years compared to baseline (Table 4 ). In addition, there was a transient increase in depressed mood. No PGWB dimension increased further between 1 and 7 years (Table 4 ).
Gender differences in QoL
The dose of GH prescribed at the first visit was 0.13 mg/day in both genders, but after that, GHD men received a lower dose than GHD women. At study end, the mean dose was 0.38 mg/day in men and 0.44 mg/day in women. Men had a larger increase in IGF-I SD score during the first years of GH replacement but not at study end. In men, the mean IGF-1 SD score was −1. Total QoL-AGHDA score as well as all QoL-AGHDA dimensions were statistically similar in men and women at baseline and study end (total QoL-AGHDA: P = 0.34 and P = 0.67, respectively) ( Table 5 ). However, after 5 and 7 years, the change from baseline in total QoL-AGHDA score and the QoL-AHGDA dimension memory and concentration was significantly larger in women than in men ( Table 5 ). The response to treatment was similar in both genders in all other QoL-AGHDA scores (Table 5) .
Total PGWB score and all PGWB dimensions were similar in both genders at baseline (total PGWB: men, 73.1 (3.3) and women, 71.5 (2.9); P = 0.49) and at study end (total PGWB: men, 75.3 (3.4) and women, 78.0 (2.9); P = 0.85). There were no significant gender differences in the change in total PGWB score or any PGWB dimension during the study (data not shown). After 7 years, total PGWB score had increased by 2.2 (2.5) and 6.5 (2.7) score units in men and women, respectively (P = 0.21).
Total QoL-AGHDA score in comparison with a reference population
In a previously published reference population from Sweden (n = 1682), total QoL-AGHDA scores were 3.8 (0.1), 3.5 (0.2) and 4.2 (0.2) in the total study sample, men and women, respectively (20) . In comparison, the mean QoL-AGHDA scores in our study population of 8.0 at baseline and 5.1 at study end were 4.2 and 1.3 score points higher, respectively, than that in the reference population (Fig. 1A) . In GHD men, the corresponding total QoL-AGDA scores of 7.6 and 5.5 were 4.1 and 2.0 score points higher, respectively, than that in reference men. In GHD women, the corresponding scores of 8.3 and 4.6 were 4.1 and 0.4 score points higher than those in reference women.
Low baseline QoL correlates with larger improvement in QoL
At baseline, total QoL-AGHDA or PGWB score did not correlate with age, serum IGF-I or IGF-I SD score (data not shown). Furthermore, the change in total QoL-AGHDA or PGWB score did not correlate with the change in serum IGF-I or IGF-I SD score (data not shown). However, baseline QoL-AGHDA score as well as baseline PGWB score correlated negatively with the change in the same variable after 7 years (r = −0.44, P < 0.001 and r = −0.42, P < 0.001). This means that the GHD patients with the lowest QoL at baseline had the largest improvement in QoL in response to 7 years of GH replacement. Similar negative correlations between the baseline value and the change in the same variable were seen for all QoL-AGHDA dimensions (memory and concentration, r = −0.43; tiredness, r = −0.46; tenseness, r = −0.60; social isolation, r = −0.68; self-confidence, r = −0.74; all P < 0.001). Furthermore, for all PGWB dimensions, the baseline value and the change in the same variable correlated negatively (all P < 0.001, data not shown).
Sensitivity analyses
Ten patients were treated with antidepressants but according to the intention-to-treat strategy used, the last valid QoL values before the patients were treated with antidepressants were carried forward to the later time points in the statistical analyses. There was no major change in the statistical results if all values were included in the analyses or if these patients were totally excluded from the analyses (data not shown). Furthermore, if the 23 patients who did not complete the 7 years of GH replacement were excluded from the analyses, the results were approximately similar (total QoL-AGHDA score and all QoL-AGHDA dimensions as well as total PGWB score and the PGWB dimension selfcontrol were still significantly improved after 7 years compared to baseline). Finally, if all patients with changes in their replacement doses of glucocorticoids and/or thyroxine were excluded from the analyses, the PGWB dimension self-control, total QoL-AGHDA score and the QoL-AGHDA dimensions, memory and Table 3 Total QoL-AGHDA score and QoL-AGHDA dimensions during 7 years of GH replacement therapy in hypopituitary patients with adult-onset GHD (baseline, n = 95; 1 year, n = 92; 3 years, n = 81; 5 years, n = 76; and 7 years, n = 72). A lower score indicates a better quality of life. After each variable name, the maximum score range of the variable is given. All results are shown as mean (s.e.m.). The statistical analyses are based on the Friedman test followed by post hoc analysis using the Wilcoxon test. According to the intention-to-treat strategy used, all patients were retained in the statistical analyses as the last value obtained before the patients were discontinued was carried forward in the analyses. concentration, tiredness, tenseness and self-confidence, remained improved after 7 years compared to baseline, whereas the improvements in total PGWB score and the QoL-AGHDA dimension social isolation lost significance (P = 0.23 and P = 0.07, respectively).
Discussion
In this single-center study, 7 years of GH replacement improved QoL in hypopituitary patients with adult-onset GHD as measured using the QoL-AGHDA and PGWB questionnaires. Most of the improvement was seen during the first year, but as measured using QoL-AGHDA, there was a small further improvement in QoL between years 1 and 7. All QoL-AGHDA dimensions improved although memory and concentration as well as tenseness responded later than other QoL-AGHDA dimensions.
In terms of PGWB dimensions, only self-control was significantly improved after 7 years compared to baseline. Furthermore, the increase in QoL-AGHDA score was more marked in GHD women than in GHD men after 5 and 7 years. Correlation analysis showed that the patients with the lowest baseline QoL had the most marked improvement in QoL.
The main objective of the present study was to study the effect of long-term GH replacement on QoL in hypopituitary patients with adult-onset GHD. Previous studies showing improved QoL in response to GH replacement for 4-10 years have been performed in small number of patients (n = 10 and n = 17, respectively) who received continued GH therapy (18, 19) , or in large postmarketing surveillance programs with relatively high dropout rates (16, 20, 21, 22) . In a systematic review, further studies regarding the long-term effect of GH replacement on QoL were recommended, especially studies including control groups (23) . Although our study did not include a control group, we believe that our study adds information regarding the long-term efficacy of GH replacement in terms of QoL.
All the included patients received individualized GH replacement from the beginning of the study, which resulted in physiological increases in serum IGF-I concentration (IGF-I SD score values within ±2 s.d.). This individualized GH dosing resulted in a higher dose of GH in women, which is in line with previous results that women may be less sensitive to GH replacement in terms of serum IGF-I concentration and therefore need a higher dose (1, 2, 15) . Several, often relatively early, Table 4 Total PGWB score and PGWB dimensions during 7 years of GH replacement in hypopituitary patients with adult-onset GHD (baseline, n = 95; 1 year, n = 92; 3 years, n = 81; 5 years, n = 76; and 7 years, n = 72). A higher PGWB score indicates a better quality of life. After each variable name, the maximum score range of the variable is given. All results are shown as mean (s.e.m.).
The statistical analyses are based on the Friedman test followed by post hoc analysis using the Wilcoxon test. According to the intention-to-treat strategy used, all patients were retained in the statistical analyses as the last value obtained before the patients were discontinued was carried forward in the analyses. studies showed that GHD women had larger impairments of baseline QoL and more marked increases in QoL in response to GH replacement compared to men (35) . We observed a non-significant tendency to more severely impaired baseline QoL in GHD women, and after 5 and 7 years of GH replacement, the improvement in total QoL-AGHDA score was more marked in women than in men. Therefore, GH replacement might induce a larger improvement in QoL in GHD women also if the dose of GH is titrated on an individual basis. Furthermore, in the total study population, most but not all of the increase in QoL occurred during the first year. Post hoc analysis showed a further improvement in QoL also after 1 year as measured using QoL-AGHDA total score, whereas PWBG total score did not increase further after 1 year. The results therefore concur with those of previous studies (16, 17) and suggest that the main part of the improvement in QoL is seen during the first year of GH replacement whereas a marginal improvement in QoL can also occur after 1 year. All QoL-AGHDA dimensions were improved by 7 years of GH replacement. Tiredness and self-confidence were increased from 1 year and onwards, without any significant further improvement after 1 year. Social isolation was increased after 1 year but still improved between years 1 and 7. In contrast, memory and concentration as well as tenseness were increased compared to baseline first after 3 years, but there was a significant improvement in these dimensions between 1 and 7 years. Few studies have evaluated the effect of longterm GH replacement on QoL-AGHDA dimensions. In a previous KIMS study, memory and concentration as well as tiredness were the most severely impaired QoL-AGHDA dimensions compared to population-based normative data at baseline and possibly, therefore, these dimensions were the latest to be approximately normalized (20) . Thus, both the present study and the previous study (20) have identified memory and concentration as a QoL-AGHDA dimension that increase/normalize slower than other QoL-AGHDA dimensions in response to GH therapy. Furthermore, because we observed an increase in memory and concentration only in GHD women, gender-specific effects could be of importance for the late increase in this QoL-AGHDA dimension. Our results of dimensionspecific and gender-specific effects of long-term GH Table 5 Total QoL-AGHDA score and QoL-AGHDA dimensions during 7 years of GH replacement therapy in male (n = 46) and female (n = 49) hypopituitary patients with adult-onset GHD. A lower score indicates a better quality of life. After each variable name, the maximum score range of the variable is given. All results are shown as mean (s.e.m.). Within-group differences were calculated using the Friedman test followed by post hoc analysis using the Wilcoxon test. Between-group differences were evaluated by comparing the changes from baseline at the given time point using the Mann-Whitney U-test. According to the intention-to-treat strategy used, all patients were retained in the statistical analyses as the last value obtained before the patients were discontinued was carried forward in the analyses. replacement might be of importance for clinical practice, but the results need to be confirmed in further studies including control groups and the underlying mechanisms require more detailed investigation. The increase in total PGWB score was less marked than the increase in total QoL-AGHDA score at study end. Moreover, only one PGWB dimension (self-control) was improved after 7 years, whereas other dimensions were statistically unaltered compared to baseline. QoL-AGHDA was developed to detect QoL deficits specifically in adult GHD (26, 27, 28) , and it is therefore not surprising that PGWB is not as sensitive as QoL-AGHDA for the specific QoL profile in adult GHD.
In a previous meta-analysis of open GH treatment trials in adults, QoL improved with a small effect size and well-being with a medium effect size (13) . In previous long-term studies of the effects of GH replacement for 4-10 years on QoL, Cohen's d effect sizes were not presented (16, 18, 19, 20, 21, 22) . In our study, the 7-year GH replacement increased total QoL-AGHDA score with a small effect size on the limit to a moderate effect size (d = 0.49). Most QoL-AGHDA dimensions as well as total PGWB score had increased after 7 years with a small effect size. In support of a more marked increase in QoL in GHD women, the 7-year GH replacement increased total QoL-AGHDA with a small effect size in GHD men and with a moderate effect size in GHD women.
The change in all QoL-AGHDA and PGWB scores (total scores as well as dimensions) correlated negatively with the change in the same variable. This means that the GHD patients with the lowest baseline QoL at baseline had the largest improvement in QoL in response to 7 years of GH replacement. It cannot be excluded that these inverse correlations between baseline QoL and the change in QoL were due to regression to the mean. The results of studies with shorter duration than the present one suggest that GH replacement increases QoL in adult GHD patients with impaired baseline QoL (8, 9, 10, 11), but not in GHD adults with nearly normal QoL at baseline (12) . However, GH therapy in adult hypopituitarism is a replacement therapy restoring a pathological state, and it might not be expected that GH will affect QoL in patients not experiencing impaired QoL as a consequence of the hypopituitarism. In the present study, the mean total QoL-AGHDA score of 8.0 at baseline and 5.1 at study end were both higher than the mean total QoL-AGHDA score of 3.8 in a Swedish reference population (20) . Probably, the impaired QoL at baseline was a prerequisite for the observed improvement in QoL in response to the 7 years of GH replacement.
In the present study, the mean replacement doses of glucocorticoids and thyroxine was reduced and increased, respectively, during the study period. In contrast, the number of patients receiving gonadal steroids did not significantly change in GHD men or GHD women. However, most of the improvements of QoL also remained after exclusion of patients that changed their dose of glucocorticoids and/or thyroid hormones during the study period (only the increases in total PGWB score and the QoL-AGHDA dimension social isolation lost significance). Therefore, most of the improvement in QoL was probably produced by the GH replacement.
In addition to the changes in the doses of additional anterior pituitary hormones, the present study has several limitations such as the open-label design and the lack of a control group. However, for ethical reasons, we could not include a control group of GHD patients for an extended time period without GH replacement. Furthermore, we cannot exclude selection biases in the recruitment of patients, and the level of physical activity, which could potentially affect QoL, was not recorded. However, no effort was made to influence the patients' physical activity level during the study period. Another limitation is that the IGF-I assay changed two times. Although the WHO NIBSC 1st IRR 87/518 standard was used for calibration throughout the study period, it cannot be excluded that the changes in IGF-I assay could have influenced the results of the IGF-I measurements. Ten patients were treated with antidepressants but according to the intention-to-treat strategy used, the last QoL values before the patients were treated with antidepressants were carried forward in the statistical analyses. There was no major change in the statistical results if all values were included in the analyses or if these patients were totally excluded from the analyses. Finally, if the 23 patients who did not complete the 7 years of GH replacement were excluded from the analyses, the results were approximately similar.
In conclusion, in an open-label, prospective, singlecenter study of well-characterized hypopituitary patients, we demonstrate that the improvement in QoL observed in short-term trials is also maintained during 7 years of GH replacement. The improvement in QoL was most pronounced in GHD women and in patients with low baseline QoL. Most of the improvement was seen during the first year, although, as measured using QoL-AGHDA, there was a small further improvement in QoL between years 1 and 7. Some QoL-AGHDA dimensions (memory and concentration, tenseness) responded at a slower rate than other dimensions. Further studies including control
